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ABSTRACT 
 Caribbean spiny lobster fisheries grew, peaked, and declined while affected by at least two hurricanes annually. These 
atmospheric disturbances can cause significant losses of life and property on land, but their effects on underwater ecosystems seem 
to be limited to sediment disturbances, runoffs, damage to coastal marine nurseries, and uncertain effects on larval connectivity. 
During the development of the fisheries the harvested fractions of the populations were small and the parental stocks produced 
enough recruits to compensate for the combined negative effects of fishery and hurricanes, but when fisheries declined after 
reaching overdevelopment, the diminished populations could not cope.  
This argument of declining landings resulting from a combined negative hurricane-fishery mechanism fails in the self-
sustained and isolated Brazilian spiny lobster fishery which also grew, peaked, and declined in total absence of hurricanes. This 
exception of the second largest Caribbean spiny lobster fishery leaves mismanagement as the fundamental common cause for the 
present regional condition of all Caribbean spiny lobster fisheries. 
 Excessive fishing effort, elimination of more than seven million juvenile lobsters annually, and ongoing violations of 
closed seasons and size limits are the fundamental causes of decline, but recuperation is possible by reducing fishing effort and 
developing adequate protection measures agreed to and enforced on a regional basis. 
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INTRODUCTION 
 Spiny lobster Panulirus argus populations support commercial fisheries throughout its geographical range (from 
Rio de Janeiro, Brazil to North Carolina, USA, and Bermuda) with total landings of about 1.6 million metric tons (Mmt) 
from 1950 to 2008 (FAO 2010). The majority of landings (63% or close to 1 Mmt) came from the Caribbean fishing areas 
(0.9 Mmt), and Florida. This preeminent role of the Caribbean fisheries of P. argus determined using “Caribbean spiny 
lobster” as its common name in US and international fishing statistics. Each of the regional fisheries evolved at a different 
rate but most peaked from the mid 1980s to mid 1990s and presently all show signs of decline or even overfishing (Chávez 
2009). 
The rest of landings (about 0.6 Mmt) correspond to fisheries in Brazil (0.32 Mmt), those from Turks and Caicos Islands 
to the Bahamas archipelago (0.25Mmt), and Bermuda, all outside the Caribbean and Florida combined region. Recent 
genetic studies point to the existence of a great regional connectivity resulting in a pan-Caribbean P. argus population (Hunt 
et al. 2009), with the spawning stocks through the Caribbean largely if not wholly responsible for the postlarval recruitment 
in Florida (Anonymous 2010), although not all scientists share this view (Ehrhardt 2005).   
Since the start of historical records, the Caribbean and Florida have suffered the effect of tropical storms and hurricanes 
some with devastating consequences in losses of life and property. Being atmospheric disturbances, their effect is evident 
on the water and land surfaces where they can destroy man-made structures, affecting also land flora and fauna. Hurricanes 
cover areas hundreds of miles wide with thousands of square miles of strong winds and copious rains, but the brunt of their 
fury is limited to areas usually 20 to 40 miles across corresponding to their eye (NOAA 1999). The maximum winds in the 
hurricane’s eyewall causes the greatest destruction, even obliterating small islands like St. Thomas in the US Virgin Islands 
that was completely devastated by Hugo, a 1989 “Cape Verde type” category 5 hurricane (Weaver 1994). 
The concentrated destructive force of hurricanes winds is easier to appreciate over large landmasses as observed during 
hurricane Andrew (1992). With an eye of approximately 15 miles across, the South Florida communities of Homestead, 
Naranja Lakes, Florida City, and Cutler Ridge were devastated but only 18 miles North, even well within its strongest 
northeastern quadrant, the city of Hialeah escaped any significant damage (Sheets and Williams 2001). This evidences that 
although some hurricanes can have national and international repercussions like Katrina (2005) in the US, or Mitch (1998) 
in Central America countries, the maximum destructive effects of hurricanes are localized events. 
The obvious effects of hurricanes on fishery activities is mainly limited to the loss of vessels, fishing gears, land 
facilities, and other infrastructures such as aquaculture installations, but damages to the marine populations seem to be 
mostly limited to sessile organisms. 
After Katrina, American oyster (Crassostrea virginica), clam, and mussel beds suffered significant mortality by 
siltation and contamination caused by runoff (Buck 2005). Damages to the Mangrove oyster (C. rizhophorae) are usually 
larger because hurricanes destroy their substrate (mangrove branches submersed during high tide) and reduce seawater 
salinity distressing the oyster colonies (Buesa 1997). 
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Hurricanes runoffs contain chemical fertilizers from 
agriculture activities. Pesticides and DDT after Mitch 
(1998) devastated the Pacific shrimp farms in Honduras 
(Matta et al. 2002) and after Katrina (2005), the levels of 
nitrate and reactive phosphate in Biscayne Bay, Florida, 
quintupled and doubled respectively, taking three months 
to return to normal levels (Zhang et al. 2009). 
Hurricane Ivan (2004) made landfall in Pensacola Bay, 
Florida, as a category 3 hurricane with a 3.5 meters surge 
that inundated 165 km² inland, increasing 2.3 times the 
water volume of the bay. The subsequent runoff caused a 
discrete phytoplankton bloom and hypoxia during several 
days (Hagy et al. 2006).  
The destruction of mangrove communities in Florida 
west coast during Andrew (Doyle et al. 1995), not only 
affected the nesting areas of various bird species, but 
probably also damaged the rich underwater nursery 
communities living amongst their buttressing aerial roots. 
All these hurricane related events have two similarities; 
they are coastal and ephemeral.   
Marine plants and hurricanes interact differently. 
Wilma (2005) made landfall over Puerto Morelos, Mexico 
as a category 4 hurricane, but turtle grass (Thalassia 
testudinum ) beds and the calcareous green macroalgae 
Halimeda spp. were unaffected (Tussenbroek et al. 2008).  
The impact of hurricanes on seagrass beds is greater 
on soft bottom areas. Hurricane Georges (1998) caused an 
immediate 3% density loss of turtle grass, 19% loss of 
manatee grass (Syringodium filiforme), and 24% loss of 
calcareous green macroalgae Halimeda spp. and Penicillus 
spp. in the back reef communities of the Florida Keys. The 
plants recovered depending on the amount of sediment 
deposited over them; within one year after moderate 
deposition, to little recovery after three years if plants 
buried by 50 cm of sediment (Fourqurean and Rutten 
2004).  
Hurricane Claudette (2003) suspended about 0.5 kg/m³ 
of sediment through the water column near the five-meter 
isobath on the muddy inner shelf fronting Atchafalaya Bay, 
Louisiana (Sheremet et al. 2005).  
Although hurricanes usually weaken when approach-
ing the coast, its surge can affect turtle eggs nests and 
disturb the sediments that will end smothering many 
sponge species before washing onto the beaches (Welch 
2006). 
The relation between hurricanes and corals is more 
complex. After category 4 hurricane Keith affected corals 
in Banco Chinchorro (Mexico) in 2000, there were no 
significant differences in their components before and after 
(Beltrán et al. 2003). On the other hand, hurricanes Emily 
and Wilma passed over the Cozumel corals (Mexico) as 
categories 4 and 3 respectively, reducing their coverage  
from 26% to 10%, with recuperation to only 16% two 
years later (Castillo-Cárdenas et al. 2008). 
By contrast, in the Flower Garden Bank coral reefs 
(northeastern Gulf of Mexico) hurricanes lowered water 
temperatures reducing bleaching, aided their larval 
dispersal, and contributed to an 18% increased coverage 
during the period 1994 - 2004, all of which were positive 
consequences (Lugo-Fernández and Gravois 2010). 
There are no reports of swimming or free moving 
animals washed onto beaches after hurricanes.  Some 
marine animals can even detect approaching tropical 
storms, as was the case of 14 tagged blacktip sharks 
swimming into deeper waters prior to tropical storm 
Gabriella (2001) made landfall at Terra Ceia Bay, Florida 
after being downgraded from a category 1 hurricane 
(Heupel et al. 2003).  
Dolphins also move to open water, and Andrew did 
not affect the Florida manatees (Tiltman et al. 1994). In 
contrast, the first reported mass stranding of pigmy killer 
whales for the northeastern Caribbean occurred in the 
British Virgin Islands, one day after being devastated by 
hurricane Marilyn. The stranding was associated with this 
1995 category 3 hurricane (Mignucci-Giannoni et al. 
1999).   
In the case of the Caribbean spiny lobster, they migrate 
to deeper water before the arrival of hurricanes, returning 
to shallower areas afterwards (Buesa 1970). In spite of the 
existing evidence indicating low mortality likelihood of 
free moving marine organisms caused by hurricanes, and 
their impact mostly limited to shallow coastal areas, some 
authors suggest hurricanes rather than overfishing caused 
the spiny lobster landings decline in Cuba (Puga et al. 
1991) and in the Caribbean (Ehrhardt et al.).  A significant 
shift of some spiny lobster ecosystems by the 1988 
category 5 hurricane Gilbert, and by extension from any 
other hurricane of similar strength, was suggested also 
(Ehrhardt 2005). 
The analysis of the potential adverse effect of hurri-
canes on the P argus Caribbean fisheries is the subject of 
this article. 
 
MATERIALS AND METHODS 
The analysis is limited to the P. argus fisheries of 
Florida, the Caribbean isles, and bordering continental 
shelves, i.e., limited to the Caribbean Sea and the Gulf of 
Mexico. This excludes P. argus landings from Brazil, 
Turks and Caicos, Bahamas, and Bermuda fisheries. In the 
case of Florida, from 1964 to 1975 east coast landings 
came mostly from Bahamas, so Millon et al. (1999) made 
the necessary statistics corrections which are used here.  
The rest of the regional landings from 1950 thru 2008 
come from FAO-FISH-STAT (2010). 
The number of years elapsed from the year the 
hurricane affected the fishing area (y), and the year when 
landings were equal or higher than the year before the 
hurricane (y-1) is defined as “landing recuperation time” 
and is used as indicator of the populations’ recovery 
capacity.   
The hurricanes’ data and their effects appear in the 
quoted references, and in NOAA:  
(http://www.nhc.noaa.gov/pastall.shtml).  
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The Gnumeric expansion of Excel 2003 program was 
used to calculate regressions, correlations, and to prepare 
the figures. 
 
CARIBBEAN SPINY LOBSTER LANDINGS AND 
HURRICANES 
Landings of Caribbean spiny lobsters were small 
before the 1950s but grew after the US economic boom 
during those years increased their export to the US. During 
the period 1950 to 1959, the annual average landings by 
the Caribbean and Florida fishers was 4454 mt and more 
than doubled (11,807 mt) from 1960 to 1965 as a conse-
quence of fishing effort increases in all participating 
countries. They almost doubled again (23,224 mt) in 1986 
to 1990, peaked in 1996 to 2000 (24,357 mt), to start 
declining thereafter to the present annual levels, similar to 
those in 1971 to 1975 (Table 1).  
From 1960 to 2010 there were 313 hurricanes, 91 of 
which affected both the Caribbean Sea (CS) and Gulf of 
Mexico (GM), and 23 the GM alone. Of this total of 114 
hurricanes, 40 were categories 4 and 5 in the Saffir-
Simpson scale, for a mean of four major hurricanes every 
five years with a combined frequency of eight in 1960/65, 
zero in 1981/85, and ten in 2001/05 (Table 1). 
Annual landings did not evolve smoothly from 1960 to 
2008 for there were frequent landing declines especially 
after years with large harvests, which could represent the 
recuperation of the exploited populations, or caused by 
smaller annual recruitments, a reduction in the fishing 
effort, or a combination of these factors (Figure 1). The 
synchronic regression between landings in mt and the 
number of hurricanes is not statistically significant (R² = 
0.001; p > 0.15), neither are the regressions calculated with 
a lag of two, three, and four years between the “hurricane 
year”, and the “landing year”.  
On the other hand, the recovery of the landings after 
hurricanes was not the same between or within fisheries. 
Table 2 presents examples of recuperation times for 
southern Cuba, Florida, and the common fishing areas of 
Belize and Honduras. Landings recovered after one to eight 
years (mean of 2.5 ± 2.4 years) when hurricanes impacted 
the areas before the fishery peaked, and from one to more 
than twenty years (mean of 4.9 ± 6.4 years) after the 
fishery peaked. 
Six hurricanes affected the southern Cuban fishing 
areas (Figure 2A) during the 26 years before peaking, with 
a mean recuperation time of 1.9 years. During the 24 years 
after peaking, there were seven hurricanes with a mean 
recuperation time of 7.7 years. A reduction of fishing effort 
caused by national economic distress and lower catches per 
unit effort (CPUE), also contributed to the reduction in 
landings after 1995 (Muñoz-Núñez 2009). 
Allen (1980) and Gilbert (1988), two almost identical 
hurricanes amongst the thirteen in Figure 2A, passed south 
of Cuba never affecting the fishing areas directly. Never-
theless, landings after them showed very different recuper-
ation times (Table 2) with Gilbert blamed for the spiny 
lobster landings decline thereafter. Given that the only 
objective difference between both hurricanes is the year 
they formed within the development of Cuban fisheries 
(Table 3), the conclusion that Gilbert alone was responsible 
for the fishery decline seems untenable.  
Two hurricanes made landfall over the common 
Honduras-Belize fishing areas before they peaked in 1986 
(Figure 2B) with a mean recuperation time of 4.5 years. 
After peaking there were twice as many hurricanes directly 
striking the fishing areas (two category 4 and two category 
5) but the pre-hurricane landings were surpassed after a 
mean of  3 years only because of increases of the fishing 
effort and the expansion of the fishing areas to the 
Nicaraguan shelf (Carcamo 2001, Castellón and Sarmiento 
2001). 
Table 1.  Landings and named hurricanes in the Caribbean Sea (CS) and Gulf of Mexico (GM) . 
  
  
Period 
Average 
Annual landing 
(10³ mt) 
Hurricanes within the CS and GM 
(1960 thru 2010) 
  
Total hurricanes 
  
CS + GM 
  
GM 
only 
Total 
CS+GM 
cat. 
4 
cat. 
5 
outside 
CS+GM 
in the 
period 
1960/65 12 8 5 13 4 4 18 31 
1966/70 15 13 0 13 1 2 21 34 
1971/75 16 9 0 9 1 1 14 23 
1976/80 20 8 1 9 2 3 20 29 
1981/85 21 5 5 10 0 0 17 27 
1986/90 23 9 0 9 0 1 19 28 
1991/95 22 4 3 7 1 1 19 26 
1996/00 24 9 4 13 3 1 25 38 
2001/05 21 13 4 17 5 5 26 43 
2006/10 17 (*) 13 1 14 3 2 20 34 
Total 19 91 23 114 20 20 199 313 
Period mean 9 2 11 2 2 20 31 
Annual mean 2 <1 2 <1 <1 4 6 
% of total 29 7 36 6 6 64 100 
% for CS and GM 80 20 100 18 18   
(*) 2006/08    cat. = hurricane strength in the Saffir-Simpson scale 
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Consequently, the differences in recuperation time of 
spiny lobster fisheries before and after peaking seem more 
influenced by the fishery development stage, the fishing 
effort, and the spiny lobster population condition, rather 
than by the intensity and frequency of the hurricanes 
affecting them. 
 
DISCUSSION 
For the first time in more than 20 years, on 14 
September 1988 hurricane Gilbert made landfall in 
Cozumel (Mexico) with full category 5 force. Damages on 
land were considerable, but the effect on the coral reef was 
minor, the damage to sponges was limited to three delicate 
species that recuperated rapidly, and there were no signs of 
damage to fish populations (Fenner 1991).  
Gilbert caused limited damage to Jamaican corals but 
since it struck before they recuperated from larger damages 
caused by Allen eight years before, the combined events 
affected the corals severely. Mangroves defoliation and 
breaking above the buttress roots was greater during 
Gilbert than during Allen (CEP-UNEP 1989) but Gilbert 
made landfall in Jamaica as a category 3 hurricane 
traversing the whole isle east to west while Allen just 
passed by north of Jamaica. 
Gilbert is blamed for the decline of the spiny lobster 
fishery in the southwestern Cuban shelf that never returned 
to levels obtained prior to 1988 because of an alleged 
significant shift in the local spiny lobster ecosystem 
resulting from that catastrophic event (Ehrhardt 2005). 
This assertion is difficult to accept because both Allen and 
Gilbert were of equal strength and similar path, with 
Allen’s course closer (50 - 80 nautical miles) than Gilbert’s 
(120 - 140 nautical miles) south of Cuba. Also fisheries in 
areas where Gilbert made landfall are in better condition 
now than those in Cuba so there has to be a better explana-
tion for Cuba’s landings decline.  
As the effort increases in a developing fishery, larger 
portions of the population are harvested every year, the 
fishery becomes more dependent on recruits’ survival and 
growth, and the stocks will remain in good condition only 
as long as they can sustain the harvests. This equilibrium 
harvest represents the maximum sustainable yield (MSY) 
and, although annual harvests may be variable and 
recruitment dependent, a calculated MSY is a valuable 
benchmark for fishery managers. 
In the case of Cuban fisheries, the two southern 
shelves had a combined MSY of 8500 mt (Buesa 1972). 
By 1980, the “year of Allen”, the MSY had been exceeded 
five years, but by 1988, the “year of Gilbert”, that limit had 
been surpassed eight additional years, and it was recog-
nized that the populations were in worse conditions in 
1988, than in 1980 (Muñoz-Núñez 2009). 
Sometimes Cuban landings were higher during the 
year of the hurricane than the year before as were the cases 
of Flora (1963), Dennis (2005), and Ike (2008) in the 
southeastern shelf; and after Camille (1969), Lili (2002), 
Figure 1. Annual number of hurricanes categories 4 and 5 
and landings in thousands of metric tons in the Caribbean 
Sea and Gulf of Mexico from 1960 thru 2008. 
Figure 2. Landings (in metric tons) and number of hurri-
canes from 1965 thru 2008 affecting the Caribbean spiny 
lobster fishing areas of:  
A - Southern Cuba                               
B - The common Honduras and Belize fishing areas 
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Table 2. Lobster landings (mt) after hurricanes categories 4 and 5. 
Year 
 (y) 
Hurricane   
Hurricane trajectory in 
relation to the fishing 
area 
Year the 
landings were 
≥ (y - 1) Name 
category 
Cfa / Cms 
SE Cuban shelf: landings peaked in 1984 (2574 mt) 
1963 Flora 3/4 Eastern half of the shelf y + 1 
1964 Cleo 2/4 Whole shelf y + 1 
1966 Inez 2/4 Whole shelf y + 1 
1980 Allen 4/5 50 miles off South (295º 
course) 
y + 1 
1988 Gilbert 4/5 120 miles off South (285º 
course) 
none since 
2005 Dennis 4/4 Whole shelf y + 3 
2008 Ike 3/4 Western tip of the shelf 
(290º course) 
nda 
SW Cuban shelf: landings peaked in 1985 (9107 mt) 
1964 Hilda 1/4 Whole shelf (290º 
course) 
y + 1 
1969 Camille 3/5 W of the shelf (340º 
course) 
y + 3 
1980 Allen 4/5 80 miles off South (295º 
course) 
y + 5 
1988 Gilbert 4/5 140 miles off South (285º 
course) 
none since 
2001 Michelle 4/4 Eastern end of the shelf 
(50º course) 
y + 1 
2002 Lili 3/4 Western end of the shelf 
(315º course) 
none since 
2004 Ivan 5/5 80 miles off the Western 
end (325º course) 
y + 1 
2005 Dennis 4/4 Easternmost part of the 
shelf (315º course) 
none since 
2008 Gustav 4/4 Western end of the shelf 
(320º  course) 
nda 
2008 Ike 2/4 Whole shelf (320º 
course) 
nda 
Florida: landings peaked in 1970 (3623 mt) and in 1994 (3420 mt) 
1992 Andrew 4/5 Florida Bay area (280º 
course) 
y + 3 
1998 Georges 2/4 Key West (290º course) y + 1 
1999 Irene 1/2 Florida Keys (30º course) y + 1 
2005 Rita 2/5 Key West - Dry Tortugas 
(270º course) 
none since 
2005 Wilma 2/5 West coast (70º course) none since 
Honduras, and Belize fishing areas: peaked in 1986 (5787 mt) 
1967 Beulah 2/5   
  
The whole common area 
(due West) 
  
y + 1 
1971 Edith 2/5 y + 8 
1988 Gilbert 5/5 y + 1 
1998 Mitch 5/5 y + 1 
2000 Keith 4/4 none since 
2001 Iris 4/4 y + 2 
Category = strength in the Saffir-Simpson scale. 
Cfa  = strength over or near the fishing area.           Cms = maximum strength rating. 
mt =  metric tons.                                                    nda = no data available. 
y = year of the hurricane. 
y + 1 = 1 year after the hurricane; y + 2 = 2 years after…, and so on. 
≥ (y - 1) = landings equal or greater than the year before the hurricane affected the area. 
and Ivan (2004) in the southwestern shelf.  
During 2003 - 2004 south of La Coloma and Zapata, 
and northeast of “Isla de la Juventud”, all in the southwest-
ern Cuban shelf, species diversity and sea grass coverage 
were reduced by undetermined causes (Arias-Schreiber et 
al. 2008) but it is worth noting that the diversity data used 
to make this comparison corresponded to samplings that 
started in 1981, after hurricane Allen (1980) passed south 
of Cuba.  
In Florida, Andrew (1992) disrupted the recreational 
fishery (Muller et al. 2000) and hurricane Georges (1998), 
a category 2 hurricane at landfall, scattered so many traps 
that it required the State of Florida to authorize 43,886 
emergency replacements (NOAA 8 2010). In 1999, Irene 
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Table 3.  Hurricanes Allen (1980) and Gilbert (1988): characteristics and associated spiny lobster landings in Cuba and the 
Caribbean. 
Characteristic and landings Allen, 1980 Gilbert, 1988 
Type Cape Verde Cape Verde 
Formed on 31 July 1980 8 September 1988 
Category (Saffir-Simpson) 5 5 
Days duration 11 11 
Lowest barometric pressure 899 mbar (26.55 inHg) 888 mbar (26.22 inHg) 
Strongest sustained winds 190 mph (305 km/h) 185 mph (295 km/h) 
Track course South of Cuba East to West at 295º East to West at 285º 
Distance from Southern Cuba 50-80 nautical miles 120-140 nautical miles 
Cuban areas affected none none 
Southern Cuba landings  (y-1) 9671 mt 10,241 mt 
Years with landings ≥ MSY of 
8500 mt (Buesa, 1972) 
5 years from 1965-1979 8 years from 1980-1987 
(total of 13 from 1965-1987) 
First year with landings ≥(y-1) y + 2 (9926 mt) none since 
  
Caribbean areas affected 
Windward and Leeward 
Islands, Puerto Rico, Haiti, 
Jamaica, Yucatan, northern 
Mexico, southern Texas 
Windward Islands, Venezuela, 
Hispaniola, Jamaica, Central 
America, Yucatan, northern 
Mexico, southern Texas 
Landfall lower Texas coast (cat.3) Jamaica (cat.3), Cozumel and Cancun (cat.5), 
Tamaulipas (cat.3) 
Direct fatalities 290 433 
Damages (in 2011 USD) $ 4 billion $13.2 billion (99% in St. Lucia, 
Jamaica, and Mexico) 
Caribbean landings in (y-1) 19,163 mt 22,245 mt 
First year with landings ≥(y-1) y + 3 (19,364 mt) y + 11 (23,692 mt) 
Barometric pressure: mbar = millibar     inHg = inches of mercury 
MSY = Maximum Sustainable Yield in a fishery 
(y -1) = year before the hurricane 
(y+1) = 1 year after the hurricane; (y+2) = 2 years after, ….. and so on. 
affected the fishing areas as a category 1 hurricane, but 
was credited with the destruction of 105,000 traps 
(Ehrhardt and Deleveaux 2009). Katrina (2005) entangled 
or destroyed from one quarter to half of all traps, and 
caused oil spills from refineries (Buck 2005).  In spite of 
the destruction of traps, the landings recuperated one year 
after Georges, Irene, and Katrina. The present lower 
landings in the Florida fishery appear to be the result of the 
implementation of an effort reduction program (SEDAR 8 
2010). 
Landings in Florida also exceeded a calculated 
maximum yield of 2890 mt (Ehrhardt 2005) during six 
years before Andrew (1992), and three more times before 
Georges (1998) but, while the recuperation time after 
Andrew was three years, it was only one year after 
Georges and this faster recuperation could be caused by a 
larger recruitment or by an increase of the Catch Per Unit 
effort (CPUE) resulting from the reduction of traps since 
1994 (SEDAR 8 2010). 
On the one hand all fisheries, as any exploited animal 
natural resource, depends on the number, survival, and 
growth of recruits to the population.  On the other hand, it 
is difficult to accept that such powerful and destructive 
events as hurricanes do not have at least some impact on 
the spiny lobster fisheries; perhaps they affect recruitment. 
Hurricanes destroy mangroves with their complex 
epiphytic algal communities which are known to release 
chemical signals that attract the phyllosome stage XI and 
trigger their metamorphosis to puerulus (George 2005). 
After swimming to the coast, puerulii and the initial 
postlarval stages live within those epiphytic communities, 
and it can be assumed that if mangroves are destroyed by 
hurricanes, the survival of postlarval stages could be 
reduced. 
All spiny lobsters have lengthy planktonic periods that 
for P. argus is from six to ten months (Buesa 1970; Hunt 
1994) during which the phyllosome larvae change their 
feeding habits and react differently to light. The youngest 
(phytophagous) P. argus larval stages (less than 100 days 
old) typically dwell in the upper 25 meter or so, and 
thereafter begin diurnal vertical migration between surface 
waters and depths over 100 meters (Buesa 1970, Baisre 
1976, Yeung and McGowen 1991, Butler et al. 2010)     
Hurricanes can mix water layers down to the 70 -100 
meter isobaths (Zedler et al. 2002, Spazini et al. 2009), 
depths where the P. argus larvae are especially abundant   
but it is difficult to know whether water mixing of this 
magnitude has net positive or negative effects on the larvae 
and their eventual recruitment onshore. Violent mixing of 
surface waters associated with hurricanes may damage 
larvae or redistribute them to depths where their food 
abundance and predation risk are suboptimal. Yet mixing 
can also redistribute nutrients and stimulate planktonic 
growth that in turn can enhance the productivity of the 
pelagic ecosystem, including lobster larvae (Polovina et al. 
1998).  So it is difficult to ascertain the effect of hurricanes 
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on P. argus connectivity although there is evidence that 
hurricanes are related to increased postlarvae supply in 
near shore areas of Yucatán (Briones-Fourzán et al. 2008). 
Generally speaking it has to be acknowledged that 
hurricanes of all intensities have affected the Caribbean 
fishing areas every year, forever, in spite of which all 
fisheries were able to grow and peak before declining. This 
fact points to the possible dependence of declining 
landings on causes other than hurricanes with   three 
concrete examples pointing to the independence between 
hurricanes and landings. 
No strong hurricane in recorded history has ever made 
direct landfall on the Caribbean coasts of Panama or Costa 
Rica, in the Gulfs of Darién and Mosquito. During Mitch 
(1998), the most catastrophic hurricane ever to hit Central 
America causing 11,000 deaths, the destruction of three 
million houses, and of 70% of the transportation infrastruc-
ture in Honduras, its effect on neighboring Costa Rica was 
limited to inland runoffs ruining the shrimp culture farms 
in the Gulf of Fonseca (Pacific coast) (United Nations 
1998). 
Within this scenario of little influence of hurricanes, 
Costa Rican Caribbean coast spiny lobster landings peaked 
in 1993 with 403 mt (Wehrtmann 2004) and declined to 
only 59 mt in 2008 (FAO 2010). 
Something similar occurred to Panamanian spiny 
lobster fishery in “Bocas del Toro” fishing area. They grew 
from 300 mt in 1996, to 800 mt in 2001, and declined in 
2002 to 650 mt (Guzmán and Tewfik 2004). 
The spiny lobster landings in the San Blas archipelago, 
locally known as “Kuna-Yala”, grew from 18 mt in 1998, 
peaked with 92 mt in 2001 (Castillo and Lessios 2001), 
and declined to only 5 mt in 2008 (Anonymous 2 2010). 
Additionally, both Panama and Costa Rica are 
influenced by an oceanic closed current circulation were 
spawned larvae most likely will be recruited locally 
without contributing to the Caribbean connectivity (Buesa 
2007). 
Finally, there is the case of Brazil whose landings of 
0.32 Mmt from 1950 to 2008 represent 56% of all landings 
outside the Caribbean Sea and Gulf of Mexico. Brazil’s 
Caribbean spiny lobster fishery grew from 500 mt in 1955, 
to 5606 mt in 1975, peaked in 1991 with 11,059 mt, and 
declined to 6480 mt in 2008 (FAO 2010). 
Brazilian landings also surpassed a maximum yield of 
6446 mt twenty six times from 1970 thru 2007 and 
presently they have implemented a fishing effort reduction 
program (Ehrhardt 2005). This is a scenario very similar to 
Cuba’s with a major difference: no hurricane has ever 
affected Brazilian spiny lobster fishing areas which are 
south of the southern most limit of the North Atlantic 
hurricanes paths. Brazilian coasts south of the Equator are 
in the south Atlantic which is too cold to permit the 
development of hurricanes (Veiga et al. 2008). 
The absence of hurricanes in Brazil is such a known 
fact, that when in 2004 the weak category one hurricane 
“Catarina” formed east of Santa Catarina province and 
made landfall with weak winds and rain for the first time 
ever, the news was received with disbelief and as a 
meteorological oddity (Veiga et al. 2008).  
The previous discussion indicates that the effects of 
hurricanes on the Caribbean spiny lobster fisheries could 
be marginal.  The obvious question now is, why have all 
the Caribbean spiny lobster fisheries declined? The short 
answer is fisheries mismanagement. 
Table 4 summarizes some examples of violations and 
regulations with negative impact on the populations, 
especially the case of harvest and commercialization of 
juvenile individuals. About 2400 mt, or 31% of the 
combined annual spiny lobster landings of Costa Rica, 
Florida, Honduras, Jamaica, and Puerto Rico (about 7.4 
million spiny lobsters) are juveniles. This total has to be 
larger because the number of juveniles caught in Belize 
and other fishing areas is largely unreported and basically 
unknown. Given their adult potential egg production levels 
(Buesa and Mota-Alves 1970) had all those juveniles 
grown to maturity and reproduced, they could have had an 
output of about 4-5 x1012 larvae annually.  
Chávez (2009) concluded that the spiny lobster 
fisheries of Bahamas, Belize, Brazil, Cuba, Honduras, 
Mexico, and Nicaragua show different levels of overex-
ploitation and that the situation requires several protection 
measures, especially effort reduction to obtain regional 
landings of 11,000 mt, instead of the present level of about 
17,000 mt. Regional regulations on size, “tail” weights, 
and closed season are also recommended. 
Overfishing and juvenile harvesting in ever-increasing 
numbers reduce the size of the parental populations and 
their larvae output, the populations become more vulnera-
ble to the destruction of the postlarva coastal habitat which 
is one mechanism whereby hurricanes could have a 
negative impact on a lobster population. 
Historically there have always been hurricanes but 
during the 1960s the parental populations were able to 
produce enough postlarvae to compensate for any coastal 
habitat damage caused by the strongest hurricanes and the 
ever increasing fishing effort. As the harvests increased 
above sustainable levels, the parental populations and the 
postlarval output decreased and the year classes became 
ever smaller. This constant negative feed back cycle ended 
with the present overexploited stage of populations 
increasingly more and more vulnerable to the fishing effort 
and the violation of the existing regulations. 
The best argument for this conclusion is that the 
Caribbean spiny lobster fisheries in Brazil and in the 
Caribbean region grew and declined similarly, even when 
Brazil never experienced the effect of any hurricane, its 
decline resulting from fishing mismanagement alone.  
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